A comprehensive home care intervention in selected chronic obstructive pulmonary disease exacerbations appears as cost effective. The home hospitalisation intervention generates better outcomes at lower costs than conventional care. Eur Respir J 2003; 21: 58± 67. 
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Chronic respiratory diseases are an important burden on healthcare systems worldwide [1] that is expected to increase over the forthcoming 2 decades [2] , particularly due to chronic obstructive pulmonary disease (COPD). Winter outbreaks of COPD exacerbations mostly occurring in elderly people with concurrent chronic comorbidities often generate dramatic increases in hospital emergency room admissions with subsequent dysfunctions in the healthcare system. It is estimated that hospitalisations of COPD exacerbations represent~70% of the overall costs associated with the management of the disease [3] .
A ® rst feasibility analysis of home-based services to prevent conventional hospitalisations of COPD exacerbations was reported in 1999 by GRAVIL et al. [4] . Three subsequent controlled trials [5± 7] also conducted in the UK have demonstrated both safety and cost reduction when these types of services were applied to selected COPD patients. It is worth noting, however, that none of these studies or the most recent report by SALA et al. [8] showed higher ef® cacy than conventional hospitalisation in terms of prevention of short-term relapses.
The present investigation was conducted on COPD exacerbations admitted at the emergency room of two tertiary hospitals in the Barcelona area. It was postulated that home hospitalisation with free patient phone access to a specialised nurse should generate a better outcome at lower direct costs than inpatient hospitalisation. Namely: 1) a lower rate of emergency room (ER) relapses; 2) a greater improvement of health-related quality of life (HRQL); and 3) better patient self-management of the disease.
The clinical trial was performed as a preliminary step prior to the setting of a technological platform that includes a web-based call centre as one of the core elements [9] .
Methods

Study groups
Over a 1-yr period (1st November 1999 to 1st November 2000), 222 patients with COPD exacerbations were included in the study among those admitted at the ER of two tertiary hospitals, Hospital Clõ Â nic and Hospital de Bellvitge of Barcelona, Spain. The two primary criteria for inclusion in the study were COPD exacerbation as a major cause of referral to the ER [10] and absence of any criteria for imperative hospitalisation as stated by the British Thoracic Society (BTS) guidelines [11] (i.e., acute chest radiograph changes, acute confusion, impaired level of consciousness, and arterial pH 57.35). All COPD exacerbations admitted at the ER on weekdays (Monday to Friday, from 09:00 am to 04:00 pm) during the study period (n=629) were screened by a specialised respiratory team (one chest physician and one nurse) in each hospital. As displayed in the study pro® le (® g. 1), 220 patients (35%) showing one of the following exclusion criteria were not considered candidates for the programme: 1) not living in the healthcare area or admitted from a nursing home (11.5%, n=72); 2) lung cancer and other advanced neoplasms (5.9%, n=37); 3) extremely poor social conditions (5.2%, n=33); 4) severe neurological or cardiac comorbidities (4.8%, n=30); 5) illiteracy (4.8%, n=30); and 6) no phone at home (2.8%, n=18). Onehundred and sixty-® ve (26.2%) of the 629 screened patients required imperative hospitalisation. Up to 244 patients (38.8%) were considered eligible for the study, but 22 subjects (3.5%) did not sign the informed consent after full explanation of the characteristics of the protocol. The remaining 222 patients (35.3%) were blindly assigned using a set of computer-generated random numbers in a 1:1 ratio either to the treatment group (home-based hospitalisation (HH)) or to the control group (conventional care). One of the hospitals (Hospital Clõ Â nic) used a 2:1 randomisation ratio during the ® rst 3 months of the study, which explains the difference in number between the two groups (HH: 121 patients; conventional care: 101 patients).
Home hospitalisation intervention
Only patients assigned to HH were assessed by a specialised team. The characteristics of the intervention are summarised in the Appendix. The HH intervention had three main objectives: 1) an immediate or early discharge from the hospital was encouraged by the specialised team aiming to either avoid or reduce the length of inpatient hospitalisation; 2) a HH group n=121 (14.5%) Fig. 1 . ± Study pro® le. From the 629 patients screened, 26% (n=165) required imperative hospitalisation [11] while up to 35% (n=220) were not eligible (see text). The remaining 244 patients (38.8%) were candidates for the study, but 22 patients (3.5%) did not sign the consent form. Two-hundred and twenty-two patients were included (home hospitalisation: 121 and conventional care: 101). COPD: chronic obstructive pulmonary disease; HH: home hospitalisation.
comprehensive therapeutic approach was tailored on an individual basis, according to the needs detected by the specialised team; and 3) patient support by a skilled respiratory nurse either through home visits or free-phone consultation was ensured during the 8-week follow-up period. For each HH patient, a ® rst home visit was scheduled by the nurse within 24 h after discharge. The length of the home hospitalisation was set by the respiratory nurse. A maximum of ® ve nurse visits at home were permitted during the 8-week follow-up period, but patient' s phone calls to the nurse were not limited in number. The intervention was considered to be a failure if one of the two following events occurred: the patient relapsed and required referral to the ER; or 45 nurse visits at home were needed during the follow-up period. In both circumstances, the patients were analysed in the study but they were not considered for a new randomisation (i.e. when attended at the ER for the relapse).
Standard pharmacological treatment was used following COPD guidelines of the Spanish Respiratory Society (SEPAR) [10] during HH and conventional care. Nonpharmacological interventions for HH patients, summarised in the Appendix, were performed following speci® c guidelines [12] . Fragility factors that might facilitate COPD exacerbations were arbitrarily de® ned by consensus of the research team pre-hoc: 1) severity of pulmonary disease (hypercapnia, cor pulmonale); 2) active comorbidities; 3) poor knowledge of the disease; 4) poor compliance with treatment; 5) inadequate skills for the administration of inhaled therapy; 6) low level of social support; and 7) anxiety and/or depression. All of these factors were evaluated both at the initial assessment and then at completion of the follow-up using standard questionnaires, as described below. The response to therapy at home was evaluated by the nurse, based on clinical judgment plus measurements of vital signs and pulse oximetry (Monitor Pulsox T M -3 i ; Minolta, AVL Medical Instruments AG, Osaka, Japan). Arterial blood sampling at home for respiratory gases was performed if needed. The nurse' s phone access to the physician at the hospital for remote supervision was ensured. Assessment of the progress of the active patients as well as decisions on potential changes in treatment prescription was done during weekly meetings of the specialised team.
Conventional care group
Patients included in the conventional care group (controls) were evaluated by the attending physician at the ER who decided either on inpatient hospital admission or discharge. Pharmacological prescriptions followed the standard protocols of the centres involved in the study which were similar in the two groups (HH and controls) [10] , but the support of a specialised nurse at the ER and at home was not provided for controls. At discharge, the patient was usually supervised by the primary care physician who was not aware of the protocol.
Initial assessment and evaluation 8 weeks after discharge
Initial assessment at admission to the study was identical for both groups patients and included evaluation of the BTS [11] criteria of severity of the exacerbation and blind administration of a questionnaire, described in detail elsewhere [13] , about: 1) risk factors for exacerbation (vaccination, smoking habits, comorbidities); 2) HRQL status during the previous year (St George' s Respiratory Questionnaire (SGRQ) [14] and Short-Form 12-item survey (SF-12) [15] ); 3) history of previous exacerbations (1 yr) requiring inpatient hospitalisations and/or ER admissions evaluated, at least, by questionnaire and, at the most, also by examination of individual clinical records; 4) clinical features of the current exacerbation; 5) fragility factors; and 6) treatment, including compliance, observed skills for administration of inhaled drugs, and rehabilitation at home. Home rehabilitation included interventions, such as manoeuvres to facilitate sputum clearance, nutrition recommendations and skeletal muscle exercise of both upper and lower limbs. Vital signs, chest radiograph ® lms and arterial blood gases were obtained in all patients on admission.
After the 8-week follow-up period, the same questionnaires were administered again to the two groups. In addition, a detailed list of questions on the utilisation of healthcare resources during this period was included. Forced spirometry, chest radiograph ® lms and arterial blood gases were also obtained. A questionnaire to evaluate patient' s satisfaction was also blindly administered.
Healthcare costs
Costs were calculated for each group from the perspective of the public insurer, such that, the cost analysis was restricted to direct healthcare costs. Other resources implied in the programme, such as patient labour time and informal care, were not evaluated in this study.
First, the relevant categories to be considered in order to estimate cost at patient level were identi® ed: 1) length of hospital stay (days of initial hospitalisation plus days during hospital readmissions); 2) ER visits not requiring admission to the hospital; 3) hospital outpatient visits to specialists; 4) primary care physician visits; 5) visits for social support; 6) nurse visits at home; 7) treatment prescriptions; 8) phone calls; and 9) transportation services. Data on use of categories were obtained for each patient during the follow-up period.
A second step was the valuation of resource use. The total cost for each category was calculated as the product of the number of events multiplied by the unit cost per event (i.e. hospitalisation costs were calculated as days in hospital including initial stay plus readmissions multiplied by the average hospitalisation cost per day). Unit costs are expressed as year 2000 prices using Euros ( ) as the monetary unit in the European Union. Costs for nurse visits at home, drug prescriptions, phone calls and transportation services were directly calculated using information about labour cost, market prices, including value added tax, and overhead costs. Hospital unit costs per hospital stay and visits were not available in the hospitals participating in the study. Instead, average speci® cally observed tariffs for COPD patients in a public insurance company covering the civil servants of the City Council of Barcelona (PAMEM) were used. These tariffs are mainly paid to public and nonpro® t hospitals, and have a close relationship with the real costs. In fact, tariffs represent an adequate basis for cost estimates, given that the present authors' interest is in the ® nancial costs for third party insurers [16] .
Statistical analysis
Results are expressed as mean + SD or as percentages in the corresponding categories. Comparisons between the two study groups on admission and 8 weeks after discharge and changes during the follow-up period were performed using independent t-tests, a nonparametric test (Mann-Whitney U-test) or the Chi-squared test. Changes within each group were assessed using t-test or nonparametric Wilcoxon test for paired samples. Statistical signi® cance was accepted at p50.05.
Results
Assessment on ® rst emergency room admission
Patients of the HH group and controls showed similar characteristics on ER admission (table 1) . HRQL was also similar (SGRQ total score, 58 + 17 versus 59 + 20, HH and conventional care, respectively; SF-12 physical, 36 + 8 versus 34 + 8; and, SF-12 mental, 44 + 12 versus 44 + 13, respectively). No differences between groups were observed in knowledge of the disease and in self-management of the chronic condition (® g. 2). On average, the two groups showed a relatively acceptable compliance to oral therapy (79% of the patients), inhaled therapy (66%), and long-term oxygen therapy (82%). However, they showed poor results in knowledge of the disease (only 20% of the patients were fully aware of their disorder), appropriate inhalation technique (26%), and rehabilitation therapy at home (10%). Forced spirometric measurements at week 8 after discharge did not show differences between the two groups (table 1).
Outcomes
Five patients (4.1%) in the HH group and 7 controls (6.9%) died during the 8-week follow-up period (table 2). The rate of hospital readmissions during this period was~25%, with no differences between groups. In the control group, however, the rate of relapses requiring new ER admission without subsequent hospital readmissions almost doubled the ® gure shown by the HH patients (p50.05). As indicated in table 2, the HH group showed higher improvement in HRQL and higher satisfaction than the control group after the 8-week follow-up period. Furthermore, a higher percentage of patients in the HH group (® g. 2) had a substantial improvement in knowledge of the disease (HH 58% versus 27% for controls, p50.01), compliance on inhalation technique (HH 81% versus 48% for controls, p50.001), and rehabilitation at home (HH 51% versus 21% for controls, p50.01).
Characteristics of inpatient hospitalisation
Up to 68% of HH patients were discharged from ER without requiring hospitalisation (524 h) compared to 39% of the control patients (p50.001; In the HH group, the average length of the homebased hospitalisation was 3.56 days (1± 14 days) . During the 8-week follow-up period, the number of nurse visits at home was 1.66 + 1.03 (range, 0± 4) and the number of nurse phone calls to patients was 1.56 + 1.31 (0± 6). Likewise, the number of patients' phone calls to the nurse was 0.76 + 1.34 (0± 9), such that the overall number of phone calls was 2.33 + 2.05 (0± 10).
As indicated in table 3, the control group showed a higher average cost per patient than the HH group in terms of length of hospitalisation and ER visits. Conversely, the control group displayed lower costs for prescription than HH. During the follow-up period, no differences between the two groups were seen in the use of the following three categories: visits to primary care physician, transportation, and social support. The average overall healthcare cost per patient in the HH group was only 62% of the average cost calculated for control patients ( 1,255 versus 2,033; p= 0.003).
Discussion
The present study indicates that home hospitalisation as described in the Appendix generated better outcomes than conventional care of COPD exacerbations. Better outcomes with HH included: 1) lower hospitalisation rates; 2) lower rates of short-term relapses requiring ER admissions; 3) clinically relevant improvement in HRQL, as assessed by the SGRQ [17] ; 4) a higher degree of patient satisfaction; and 5) an important positive impact on knowledge of the disease and on patient self-management of the chronic condition.
The results were obtained with a rather modest use of the resources allocated to home support. Only a small portion of the ® ve potential nurse visits was used (on average 1.7 nurse visits at home) during the 2-month follow-up period. Despite the free-phone access that was ensured to all patients, the average number of patients' phone calls to the nurse was only 0.76. Somewhat unexpectedly, the study shows that home hospitalisation was less costly than conventional care. The average overall costs per HH patient were substantially lower than in conventional care, essentially due to fewer days of inpatient hospitalisation. Slightly higher costs in the HH group were only observed in prescriptions that were due to both oxygen therapy and nebuliser therapy, because these two treatments were part of the inpatient hospitalisation costs in a substantial portion of the control group.
While all previous studies assessing either home hospitalisation or early discharge [5± 8] have essentially shown that the approach is safe, this is the ® rst report that clearly demonstrates the bene® cial effects of the intervention compared with conventional care of COPD exacerbations. The present study also indicates that improvement of the outcomes can be associated with a reduction of direct costs. Like other reports [5± 8], the present study con® rms that home hospitalisation is suitable only in a subset of exacerbations that must be selected at the hospital after proper assessment by a specialised team.
Internal validity of the trial
The validity of the assignment process for either HH or conventional care was ensured by both the generation of the allocation sequence by a random Costs are expressed in Euros ( ) at year 2000 prices. Cost per category indicates the estimated average unit cost (i.e. cost of one day of inpatient hospitalisation). Number of events/patients is the number of units of the corresponding category and number of active patients in that category, respectively. The average cost per patient for a given category normalised by group size was calculated as the product of the unit cost per category (one event) multiplied by the number of events divided by the total number of patients in the group (home hospitalisation, n=116 or conventional care (controls), n=94, dead patients were not taken into account in the calculation). CI: con® dence interval. # : Mann-Whitney U nonparametric test.
process and preventing any foreknowledge of the treatment assignments by the specialised team that implemented the allocation sequence [18] . As described in the Methods section, one of the hospitals (Hospital Clõ Â nic) transiently used a 2:1 randomisation ratio as a conservative approach to ensure an adequate number of HH patients. This strategy provoked a lack of equilibrium in the number of patients assigned to each group (HH: 121; controls: 101), but does not seem to compromise the comparability between the two groups, as shown by the similar results obtained in the assessment on admission.
Since missing data represented 52% of the study group, it can be considered that the aims of the followup analysis were fully achieved. It is worth noting, however, that the relatively short follow-up planned in the study might have reduced the impact of the positive effects shown by educational intervention (® g. 2) . The pivotal effects of education on selfmanagement of asthma have been widely demonstrated in recent years [19, 20] and evidence of this has recently been reported for COPD patients [21] . The present study identi® es this area as a key ® eld for the development of future guidelines for chronic respiratory diseases.
In the economical analysis, the limitation of selfreported use of healthcare resources was partially palliated by the evaluation of the clinical records of the patients. An excellent correlation between the two scores was observed. The economic evaluation performed in the context of this randomised controlled trial was designed to ask the following question: does substituting hospital-at-home care for hospital care in COPD exacerbations result in a lower cost to the health service?
This economic evaluation may be affected by two main limitations. First, the perspective of the evaluation was that of the public healthcare insurer, excluding nonhealthcare costs. In this study, formal (paid work) or informal (unpaid work and leisure time) care for exacerbated COPD patients were not evaluated. Notwithstanding, a previous randomised controlled trial comparing hospital-at-home care with inpatient care [22] reported that carers' expenses made up a small proportion of total costs and inclusion of these costs did not alter the results.
A second limitation of the economic evaluation is that average costs were used to evaluate hospital care. In fact, hospital resources released for the care of other patients may be less than the ® nal average cost when patients are nearing the end of their hospital stay and therefore require less resource intensity (marginal cost). It has been argued that the existence of ® xed hospital costs ampli® es the value of any potential savings resulting from a reduction in beddays [23] .
However, marginal costs estimated as the short-run variable costs are not appropriate to evaluate the costs (or savings) that would be associated with the provision of new hospital services in the long-term [24] . From the theoretical point of view, average costs may appropriately represent the value of freed resources, assuming that patients can be admitted to empty beds. Even so, a sensitivity analysis was performed assuming that resources released by home hospitalisation intervention (days of hospital) would be either 75% or 50% of the average cost. Under both assumptions, it was found that the average cost per patient in the HH group was lower than the cost calculated for control patients. It may therefore be asserted that using marginal cost to evaluate resources does not result in home hospitalisation being more costly than conventional care for exacerbated COPD patients.
External validity
The positive outcomes obtained in the study probably re¯ect the combined effects of the comprehensive home care intervention (Appendix) undertaken in this trial. It is worth noting, however, that while the reduction of ER readmissions in the HH group was clear, the impact on short-term hospital readmissions was rather modest, as seen in other reports [5] .
It is remarkable that the results of the present study fully substantiate and amplify the message given by studies [5, 6] carried out in the UK, despite noticeable country differences in terms of interactions between primary care and tertiary hospitals. While in Barcelona,~70% of the ER admissions in tertiary hospitals for COPD exacerbations corresponded with self-referrals [25] . This ® gure falls to~30% on average in the UK and as low as 1% in the report by SKWARSKA et al. [5] . The present results seem to support the notion that the ef® cacy of HH is not dependent on the speci® cities of the healthcare system if the logistics of the home care services are fully managed by the hospital. Whether this type of setting should be recommended or not is still controversial. Alternatively, a distributed model based on a close collaboration between healthcare levels [26, 27] has been suggested, as discussed below.
Although the current investigation purposely followed general aspects of the study pro® le reported by SKWARSKA et al. [5] , a proper comparative analysis between the two studies is dif® cult because of several factors. First, differences in the healthcare systems are not negligible as alluded to above. Second, the Scottish patients were randomised after ER doctors had already decided on hospital admission, which was not the case in the present study. This factor might have resulted in a selection of more severe patients in the two groups (HH and controls) in [5] as compared to the present study. It can be speculated that the clear bene® cial effects described in the present investigation (not seen in [5] ) might be because patients in Barcelona had less severe exacerbations. It is worth noting that UK studies [4± 7] on different modalities of home hospitalisation consistently showed, on average, lower FEV1, higher SGRQ scores and lower rates of autoreferrals to ERs of tertiary hospitals than in studies carried out in Spain [8, 13] , suggesting that sicker patients were attending in UK hospitals. This is probably due to country differences in the interactions between healthcare levels.
It can be concluded, however, that an assignment bias was not present in these two studies. Moreover, the patients of the present study showed similar characteristics to those reported by studies on exacerbated COPD patients admitted in the ER of tertiary hospitals in Spain [8, 13] .
There is controversy regarding the effects of hospitalat-home schemes on costs for COPD patients. Two randomised controlled trials [22, 23] reported that hospital-at-home signi® cantly increased healthcare costs for COPD patients. The two trials, however, analysed a very small sample of patients whose severity of illness was not delineated.
The economic evaluation of home hospitalisation in the current study clearly reported cost savings. As stated in the Results section, savings may be mainly attributed to the reduction in the length of stay for patients in the HH programme. The magnitude of this reduction in the present study is enough to compensate the increase in the costs corresponding to the HH programme. In this sense, the present results con® rm the importance of the impact of the intervention on the use of this resource for COPD patients in the economic evaluation of home care programmes as the sensitivity analysis of SHEPPERD et al. [22] indicated.
Implications for healthcare policy
The search for healthcare services meeting the needs of chronically ill people [26, 27] has recently generated the so-called chronic care model [28] . These authors propose a patient-centred approach, with special emphasis on shared care arrangements across the healthcare system (between specialised care at the hospital and primary care) and within the multidisciplinary primary care team. Key features of the model [28] are the development of innovative homebased services with involvement of patients (and caregivers) as partners in the management of the disease.
A key challenge in the development of such new services is a rede® nition of the roles and skills of the specialised nurses and physiotherapists [29, 30] . The interactions of these allied healthcare professionals with physicians should be re-examined. Adequate standardisation of procedures is also needed. In this new setting, there is an important role for the use of information technologies, facilitating the interactions between healthcare levels and the development of novel educational tools.
It can be concluded that home hospitalisation of selected chronic obstructive pulmonary disease exacerbations generates better outcomes at lower costs than conventional care. The data of the present study suggests that managerial aspects of exacerbated chronic obstructive pulmonary disease patients must be revisited. Home-based services (home hospitalisation or home support) should be taken as part of the continuum of care in chronically ill patients. Despite the promising results of these new approaches in the treatment of chronic obstructive pulmonary disease exacerbations, prevention of early relapses after discharge is still an important challenge. The present study prompts the need for the deployment of this type of intervention as a regular healthcare service for exacerbated chronic obstructive pulmonary disease patients under the frame of a properly designed costeffectiveness analysis. 
